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Prolonged administration of cortisone to rats
(1) and corticosteroids to man in therapeutic
dosages (2) results in a decrease in the skin hex-
osamine, an essential component of the muco-
proteins and mucopolysaccharides of the ground
substance. Cutaneous collagen appears to he
relatively stable during cortisone treatment and
as a consequence the skin hexosamine-collagen
ratio (H/C) decreases (1, 2). Procollagen, solu-
ble collagen, is considered to be metabolically
more active and more recently synthesized than
the remainder of the collagen (3). Because of the
greater metabolic activity of procollagen, as
compared to other collagen ("mature" collagen),
possible effects of cortisone on collagen would
more likely be evident on procollagen than on the
total collagen pool.
Due to the rapid therapeutic benefits of corti-
sone and corticosteroids on disorders of the skin,
a detailed examination of the effects of cortisone
on the principal constituents of the skin during
the period immediately subsequent to the start
of cortisone administration is required if an un-
derstanding of the mechanism of the drug action
is to be elucidated. The present communication
reports the effects of cortisone treatment on the
cutaneous hexosamine, total collagen, and pro-
collagen contents in the young adult male rat
following one to 14 days of cortisone treatment.
Normally rapidly growing rats were selected be-
cause it is probable that possible effects of corti-
sone on the substances analyzed would be more
evident during a period of active synthetic ac-
tivity.
EXPERIMENTAL
Forty-eight, 65 day old, male Holtzman strain
rats were divided into 8 weight matched groups
of 6 animals (average weight, 256 gms.). Four of
the groups received 2 mg. of cortisone acetate
intramuscularly daily. All animals were fed Purina
Chow and tap water ad libitum.
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Groups of untreated (control) and cortisone
treated animals were sacrificed 1, 4, 7 and 14 days
following the start of cortisone injections. The
rats were shaved with electric clippers and the
entire skins except for the face, paws, and tail
were removed. Each skin was freed of adhering
fat and muscle, minced and weighed. Two 1 gram
aliquots were removed from each minced skin
sample for the determination of hexosamine and
collagen content, dried at 1050 C in an electric
oven and defatted by extraction with ether-alco-
hol (1:1 by volume) in a Soxhlet extractor for
48 hours. The remainder of each minced skin
sample was saved for extraction of procollagen.
Determi nation of Hexosamine Content
One dry fat-free aliquot of each minced skin
sample was hydrolyzed by refluxing with S ml. of
6N HC1 for S hours. Fifteen-ml. thin-walled Pyrex
centrifuge tubes stoppered with corks fitted with
4 ml. pipets as air condensers served as refiux
vessels. The centrifuge tubes containing the mix-
tures to be refluxed were placed in a glycerine
bath maintained at 1050 C. Hexosamine in the
resulting hydrochloric acid hydrolyzates was
determined colorimetrically by the Boas modifi-
cation (4) of the Elson-Morgan reaction. The
analytical results are expressed as the milligrams
of hexosamine contained in each skin.
Determination of Collagen Content
The second dry fat-free aliquot of each minced
skin sample was hydrolyzed by refiuxing with
1 ml. of SN H2SO4 for 24 hours. The apparatus
was the same as used for making the above de-
scribed hydrochloric acid hydrolyzates. Hydroxy-
proline in the sulfuric acid hydrolyzates was
determined colorimetrically by the Leach modifi-
cation (5) of the Neuman-Logan method. Hydro-
xyproline content of the skin aliquot analyzed
was converted to collagen content by use of the
factor 7.46 (6). This follows from the fact that
collagen contains 13.4% hydroxyproline. The
analytical results are expressed as the grams of
collagen contained in each skin.
Determination of Procollagen Content
For the purposes of the present investigation,
skin procollagen is defined as the hydroxyproline-
containing material extracted from minced skin
by the following procedure. Each sample of wet
minced skin which remained following the re-
moval of the two aliquots for determination of
hexosamine and hydroxyproline was transferred
to a 500 ml. Erlenmeyer flask. Ten ml. of 20%
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urea for each gram of wet minced skin were added
to each flask and the mixtures were shaken con-
tinuously for 24 hours with a mechanical shaker
at room temperature. The urea extraction solu-
tions which contained soluble non-collagenous
proteins, but no hydroxyproline containing ma-
terials, were separated from the skin residues by
passage through glass wool and discarded. Each
skin residue was washed twice with 250 ml. of
distilled water and transferred along with the
glass wool filter plug to a 500 ml. Erlenmeyer flask
containing 5.00 ml. of pH 4.0 Mcllvain's citric
acid disodium phosphate buffer for each gram of
wet minced skin (weight based on sample weight
before urea extraction). The samples were shaken
continuously with a mechanical shaker at 4° C for
exactly 24 hours. The buffer extract was separated
from the skin residues by filtration through glass
wool. Each skin residue was washed twice with
25 ml. volumes of pH 4.0 buffer. The buffer extract
and the buffer washings from each minced skin
sample were combined, transferred to a cellophane
dialysis casing (22 inch diameter, Nojax Cas-
ing, Visking Company, Chicago, Ill.) and dialyzed
against running tap water for 48 hours. The pro-
collagen which precipitated inside the ccllophrac
casings was recovered by centrifugation and de-
hydrated with several changes of acetone. Each
dried procollagen sample was hydrolyzed by rc-
fluxing with 1 milliliter of SN 112804 for 24 hours
and the hydroxyproline in the sulfuric acid hydrol-
yzatcs was determined by the methodology de-
scribed in the section on collagen content. Pro-
collagen was calculated by miltiplying hydrox-
yproline content by 7.46. The analytical results
were expressed as the mean and standard error of
the mg. of collagen extracted from the skin of the
six animals in each group.
EESULTS
The control animals gained weight consistently
and the last group sacrificed had increased in
TABLE 1
Body weiyhts and skin procollayen
contents of control and cortisone
treated rats
Days
on
Expert-
ment
Body Weight—gms. Procollagen/skin—mg
I
Control Cortisooetreated Cootrol
Cortisone
treated
0 256±2* 256±3
1 257±4 258±5
4 281±6 260±5 207± 10 190±6
7 301±6 247±6 136±9 131±8
14 326±6 241±4 82±4 50±2
* Results expressed as mean standard error
of the mean.
FIG. 1. Total skin collagen content of control
and cortisone treated rats. Vertical lines represent
standard errors of the means.
weight by 27% over its initial value (Table 1). In
contrast to the control animals, there were no
significant weight gains in the cortisone treated
rats at any experimental period and the last
group sacrificed had lost 6% of its initial weight
(Table 1).
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Doyn on Experiment
The total skin collagen (Fig. 1) of the cortisone
treated rats increased at a rate equal to that of
the control animals through the 4 day experi-
mental period and the total skin collagen of the
cortisone treated rats was not significantly differ-
ent from that of the control animals until the
final experimental period (p < 0.01 at 14 days).
Skin collagen of the control animals repre-
sented 1.02, 1.20, 1.24 and 1.54% of the body
weight at the 1, 4, 7 and 14 day experimental
periods respectively. Cutaneous collagen of the
cortisone treated animals increased from 1.05%
of the body weight at the 1 day experimental
period to 1.31% at 4 days and was constant
throughout the remainder of the experiment
(1.38 and 1.31% at 7 and 14 days respectively).
As a consequence of the above relationships,
cutaneous collagen represented a greater propor-
tion of the body weight of the cortisone treated
animals than of the control rats at the 4 and 7
day experimental periods, although by 14 days
the skin collagen of the control animals consti-
tuted a greater fraction of the body weight.
Cutaneous hexosamine of the control animals
(Fig. 2) increased from 28.8 1.5 mg/skin at
the one day experimental period to 35.6 2.0
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Days as Experiment
FIG. 2. Total skin hexosamine content of
control and cortisone treated rats. The value for
the control animals at seven days was discarded
due to analytical difficulties.
mg/skin after 14 days on experiment (difference
statistically significant at p < 0.05) and was the
same fraction of the body weight throughout the
investigation (mg. hexosamine x 10/body weight
in gms. = 1.12, 1.03 and 1.09 at 1,4 and 14 days,
respectively). In contrast to the control animals,
the hexosamine content of the skins from the
cortisone treated animals did not increase and
appeared to decrease immediately upon the
start of cortisone treatment (Fig. 2). The de-
crease in skin hexosamine from 1-14 days on
experiment observed with the cortisone treated
rats was statistically significant at p < 0.05. The
effect of cortisone on the amount of skin hexosa-
mine relative to body weight is not clear although
the tendency is towards the skin hexosamine com-
prising a smaller fraction of the body weight than
in control animals (mg. hexosamine x 10/body
weight in gms. = 1.03, 0.90, 1.01 and 0.91 at 1,
4, 7 and 14 days, respectively). The difference
between the skin hexosamine content of the
control and cortisone treated animals at 14 days
is statistically significant at p < 0.01.
Despite the increase in the total amount of
collagen per skin observed in the control rats
during the experimental period (Fig. 1), the
amount of procollagen per skin decreased to less
than 50% of the 4 day value after 14 days of
cortisone (Table 1). The total quantity of procol-
lagen in the skins of the cortisone treated rats
was significantly less than in the control animals
after 14 days on cortisone treatment (p < 0.01).
However, when the amount of skin procollagen
is expressed as a fraction of the total skin col-
lagen, no difference between the cortisone treated
and the control groups is found. After 4, 7, and
14 days, the mg. of procollagen per gram of total
collagen were 62, 38, 16, and 56, 38, and 16 for
control and cortisone treated rats, respectively.
DISCUSSION
It has previously been reported that the col-
lagen content of the rat skin, relative to body
weight, increases with age, while hexosamine
content, as a fraction of body weight is nearly
constant with increasing age (7, 8). As a conse-
quence, the hexosamine-collagen ratio decreases
with increasing age. The hexosamine to collagen
ratios (milligrams of hexosamine x 100 divided
by milligrams of collagen) of the skin of the con-
trol animals decreased gradually with increasing
age during the present investigation, 1.10, 0.89,
0.71 and 0.71 at the 1, 4, 7 and 14 day experi-
mental periods respectively, and are in agree-
ment with the previously reported observations.
Similar ratios for the cortisone treated rats were
0.98, 0.69, 0.73 and 0.68. Thus the effect of corti-
sone treatment on the hexosamine-collagen ratio
in the present investigation depends upon the
period at which the observation was made. The
rapid decrease in the hexosamine-collagen ratio
of the treated animals observed in the present
experiment after 4 days results from the fact that
after 4 days, collagen accumulation was the same
in both control and cortisone treated rats while
hexosamine decreased in the cortisone treated
animals and increased in the control rats during
the same period. However, after 14 days both the
control (0.71) and cortisone treated (0.68) ani-
mals had the same skin hexosamine-collagen
ratio. This follows from the fact that subsequent
to 4 days of experiment the collagen content in-
creased at a faster rate than hexosamine syn-
thesis in the control rats while collagen did not
increase in the skin of the cortisone treated ani-
mals.
Hexosamine-eollagen ratios are known to de-
crease with increasing age and therefore the
question arises as to whether the decreased hex-
osamine-eollagen ratios, resulting from cortisone
treatment represent an acceleration of the aging
process. In the present experiment the decreased
hexosamine-eollagen ratios at certain experi-
mental periods resulting from cortisone treat-
ment probably do not represent an acceleration
of aging because an actual decrease in the amount
of hexosamine relative to body weight was oh-
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served initially, while in the aging process the
cutaneous hexosamine, as a fraction of body
weight, remains almost constant with increasing
age (7, 8).
Previous workers have observed a decrease in
the rate of collagen accumulation as the procol-
lagen content decreases (3). In the present experi-
ment a rapid decrease in the procollagen content
of the skin was observed without a decline iu the
rate at which total collagen content increased.
The ratio of procollagen to total collagen was the
same in the control and cortisone treated animals
at all experimental intervals, yet no increase in
total skin collagen of the cortisone treated ani-
mals was found from 7 to 14 days on experiment
and a large increase was noted in the cutaneous
collagen of the control animals during the same
period. No explanation is available as to why
cortisone appeared to have an influence on the
rate of collagen formation in the last experimental
interval and not in the earlier period even though
the relative amount of procollagen in the control
and cortisone treated rats remained the same.
Furthe experiments, perhaps employing radio-
tracers, will be required to explain the above ob-
servations.
The immediate cessation of an increase in skin
hexosamine content upon cortisone administra-
tion, in contrast to a continued apparently normal
skin collagen metabolism for several days, indi-
cates that the immediate therapeutic results of
cortisone treatment are more likely to be from
effects on the mueopolysaecharide and mueopro-
tein fractions of the skin than on the cutaneous
collagen. In mature animals such results might
be anticipated since "mature" collagen once
formed is a relatively metabolically inert sub-
stance and mucopolysaceharides and mucopro-
teins are a portion of the general metabolic pool.
However, in the present study both skin collagen
and hexosamine in the control animals accumu-
lated at a rapid rate. Procollagen is also a meta-
bolically active substance, and although as pre-
viously indicated the procollagen results are
difficult to interpret, there was no indication of
an immediate effect of cortisone on cutaneous
procollagen such as was observed with the hex-
osamine content of the skin.
SUMMAEY
Possible effects of cortisone administration on
the skin hexosamine, collagen and procollagen
contents in young male rats were investigated
following 1 to 14 days of cortisone treatment. An
immediate cessation of the normal increase in
skin hexosamine content with cortisone adminis-
tration, in contrast to a continued normal skin
collagen metabolism through at least four days on
experiment was observed. The effect of cortisone
treatment on the hexosamine-eollagen ratio in the
present investigation depended upon the period
at which the observation was made.
Differences from control animals were observed
iii the entire skin collagen content after 14 days of
cortisone treatment. Cutaneous collagen was a
greater portion of the body weight of the cortisone
treated animals than of the control animals at 4
and 7 day experimental periods, although by 14
days the skin collagen of the control animals con-
stituted a greater portion of the body weight.
Procollagen, although decreasing in total amount
during the experimental period, was the same
fraction of the total collagen in the control and
cortisone treated animals at each experimental
period.
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